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(54) VACUUM ULTRAVIOLET-EXCITED FLUORESCENT SUBSTANCE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a vacuum 
ultraviolet-excited fluorescent substance represented by 
the formula: Zn2Si04: Mn showing a high brightness and 
a short afterglow period. 

SOLUTION: Zinc oxide, silicon oxide and manganese 
carbonate are mixed in a molar ratio of Zn to Zi of from 
1.24 to 1.94 and a molar ratio of Mn to Zn of from 0.0475 
to 0.07. The mixed powder is calcined at 1 ,200° C for 3 
hr, and the obtained calcined product is ground and 
dispersed in a ball mill, washed with water and dried to 
yield a powder of the vacuum ultraviolet-excited 
fluorescent substance essentially comprising Zn2Si04: 
Mn. The vacuum ultraviolet- excited fluorescent 
substance powder is mixed with a phosphoric acid 
solution to form a Zn3(P04)2.nH20 (wherein (n) is a 
natural number) layer on the surface of the Zn2Si04: Mn 
particle. This realizes a high luminous efficiency and a 
high color rendering property by enabling high brightness 
and green luminescence with a vacuum ultraviolet ray 

having a relatively short wavelength. Therefore, the afterglow period is shortened, and the 
brightness retention is improved. 
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(54) *^**g^isw 

(57) [MB] 

wj»k*5 j:^«a»3ttto-«aas zn 2 si 

1. 2 4fl±l. 94&T, ZnlC^SMnGW/l'Jfc 
3550. 0475£LtO. 0 7^T^-T5o &d-Lfctft3c 
Sri 2 0 ot-C3HHH»Jfti-». 9&&M&#*-A'$MZ 
X®ft • *«3«lCtt»br. Zn 2 Si0 4 : 

Mn fr£^&i-«xfi^iknjBattx^i»^«r» 

Zn 2 Si0 4 :Mn^f»Zn 3 (PO 
4 ) 2 «nH 2 0 (n : &««&) <^S*«»^^i-*o 



2 nO. Si Of. M n CO t ( 2 n/ 8 i =1.*4— 1.W.M n/S 1=0.0475-0.07} 
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flUEL 120<rCx*r 
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[#m***>«SB] 

[MMl] -^5Zn 2 S i0 4 :Mn^^ 
Z n ^>Mn <D^/U]t^ O . 0 4 7 5K±0. 0 7 

[MM2] ffiftfb^, 3S«fc**J8J:tJt^^^ 
2 S i 0 4 : Mn-C**HSX^#^||iaaaS3fe«:-C 

0. 04 7 5£i±0. 0 7£kT<Dm&-?hZ>Zb&ft» 

±1. 9 4^Tffc5^ Uc?|^ l tfcii 

imm 4 ] sira*** «t Tmmt&to*mw\cm 
Mie^fb^*5 i wots*^* s i i^m-s 
- * t-fcMM i 2 eftexaarftjiui 

[MM 5] y ^WSttHStt^^ *&#8*i: LfcM 
[MM 6 ] *) Mb^^i^tSM £ ^ t 

[MM 7 ] 0 Mfc^a^^ftfcri Z¥fWLb L 

[MM 8] 5A/fc#*Ht, Zn 3 (POJ a • n 
H 2 0 (n : g&gjr) &3&&b1-ZZb&ftmtl,1t 
MM 6 £ fcf* 7 IB«^)K^*^j|UajeS!^3fc#o 

[MM 9] P£LTZn 2 S i0 4 :MnfC*tLT 
0 . 1 58rS:%£*ii i i fl%^TT^5 r b &&Wib L 

fcMM s * v x l 8 v ^tt^-s«(DS^*^«ajea 
[iBH<z>f$inftH9)] 

[0 0 0 1] 
[0 0 0 2] 

^7 X^t^ xzfu^C '<*/ufj: Zlzfem £ 

(Y f Gd) BO 3 : Eu (ftcft) ^BaAl 12 0 
i 9 : Mn (^fe) sBaMgAl 14 0 23 :Eu 




,Zn 2 Si0 4 :Mn (*&) ft 
[0 0 0 3] X£M**Ma£933fefl:tt* 

**ft ^-e«, a m*n*5tft ^ic * o «m u 

1 9 4 8 3 «4fctt(cetto J: 5 lcXa«AIIBfias« 

[ooo4] ua^uft«t6 % £*i&**4isrt\ mm^ 

^Sft^T«, Mttf^X^^^K^tyj 

j-iioTi*jwt3&s»en«w4is+»fc#€,Hftv\ 

[0 0 0 5] «^rfmmil2 6 7 8 2 9 6«&« 

iCie^^m^frt LT, Zn 2 Si0 4 <D»StC*tLT 
Mn^o. m*%EjLL#&2. 0fC£%a£T&£*£ 
^fcZn 2 Si0 4 :Mn^ «J^ft ^<DTOJ&£fcfci 

/fe&SfcfetLTV^. ^LT, C04«HF*2 6 7 82 9 6 
^«l-ie«<oBJ«tf««SSU^^3t«:tt:, ttfBSR (S 
i0 2 ) I^UTfiMklft (ZnO) Sri. 5-1. 8 
T*£^H~5££ kfc, Mn©Zn a Si0 4 Oltk:# 
i"«a^*tt:As*>*9K<fti>#bo. i»*%Ri* 

2. OSr^ggttt, *£0PP«nt&KJBVvclO 
[0 0 0 6] ttT, Z<Dft&m2 6 78296«M 

[0 0 0 7] 

M^«T^ftvxJtt6w««t^+»Ta>*. * 

So 

[0 0 0 8] *B9H±. ±tt(BHj*|2i»5Lft4*Lfct>o 
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Mn& t:io t$)itT# ^tt5i^M»i)g 

[0 0 0 9] 

*§U5bigS^##J2. Zn 2 Si0 4 :Mn-Ct 
Mn^^-/Witi 5 0. 04 7 5£Jl±0. 0 7^7^5!) 
[0 0 10] ^rtt, Z n^^f-r^MnO^/WitdSO. 

04 7 5^0. o 7urt-tz>z. tizxv^ mm*it 

[ooii] z nic^f-t-^Mnco^eyvit^o. 

04 7 5i»)^V\ ifeSV^O. 0 7 

nco^e/witSrO. 0 47 5J£JLkO. 0 7£*T£i~5o 
[0 0 12] lt^2lEifeO^^^SM^3tft: 

0 47 5^110. 0 7£lT<Dm&-ehZ>%><0~?%> 

[0 0 13] ttt, Z n tC*H-£> M n <D^/lstt& 0 . 
04 7 5£LL0. 0 7 gJTOS^i: ftS J: 9 

[0 0 14] ||IM3CttoJ^*^ltBkflBttX* 

»*«i*fctt2ia«<ojis*^«iajBa***c: 

*3V*"C\ Si W5Zn©*;Ht^l. 2 4«±1. 
9 4^T"Cfc-5%^>-e$>6o 
[0 0 15] tutrs i tc^*Zri©*/vjfc«ri. 
248±1. 9 4^T^-t-5C,i:lci;*) > St*d*lttfcKj 

[ooi6] s i (c*fr&zno*A'Jttfi. 

2 4£9 4>ftv\ fc5V>tti. 94J:9#<45fcWt 

*vWt*l. 2 4£Lhl. 9 4OTi:t5o 
[0 0 17] IS*^4K«<0^*^|»iajgMm3t* 

»^*i*fett2««o3i^*^«iaes**#fc 

n©*^l. 2 4EJLL1. 9 4SXT<Offl&X$>Z*> 
[00 18] ^Lt, S i \C*trZ>Zn<D*r/Vl£t>Sl. 

2 4 j£Lk i . 9 4 ^xr<on^xwmt^^ x xmmt 




[00191 n««5«8tto3^K^iiafia%x# 

tt, 1 ftV^4 V^na>-©ttO»£#*«®jE 

[0020] ^UT, y *£J:!K 

[00 2 U »*«6 BttoXffiK#MUHB«*Mc 
fll#* 1 ft v > u 5 v ^M^mmn*&*MMM& 

[00221 -* tt, xg&tc 19 A/fc««r*ttHMfci-s 
[00 2 31 7 B4feollffiK^MIttjBaftjfc{* 

i ft v > u e v *irihfr-&ML<Dn&#ftmm& 

[0 0 24] -t tt, 9 Mfc*4fcMft*i-5 £ t Ic J: 
*^*ft^*> JWiciloTKjELfcWW 

[0 0 2 5] n*mst&vx&#AmmaMavm 

*5WC. 0A/fc£*HU Ztig (P0 4 ) 2 -nH 2 0 
(n : aftgfe) «r^rt»t^-5t>OTr*>S. 
[0 02 6] -ett, Zn 3 (P0 4 ) 2 »nH 2 0 
(n : affit) Sr^*»fc-r5 0Mb-a«Srfflv^Cfc 

KlJ:tK Zn 2 Si0 4 :Mn^3fefMjSmr 

^ ft < wHumaswe ufcwiwt<piB»*s*aic» &*l 

So 

[002 71 ltM9tt0XffiX»MUttS*^ 

5 ft 8 v^r*t^-E«<oKs*^nwaa 

a**#i-*5V^T. PHtZn 2 Si0 4 :MniC*f 

tro. ifts%»±i iSS%UiiT-cfc5t>o-e*> 

So 

[00281 tU, Pi:ttZn 2 Si0 4 :Mnl: 
[00 29] wCT, PHTZn 2 Si0 4 :Mnl: 

*tbro. i«fi%J:^ft<ftS£^fcE*i$»t£ 
<o«l»3ftS«Ti-643*n^*>9, l i!SS%J:f3#<ft 

PiUZn 2 Si0 4 :Mnl:^LT 

o. i®g%W_bi iSaro^T^fJ^trSo 

[0 0 3 0] 



-3- 



[oo3i] iai^-r<i:5«c. +^aitx 

ttftt*ofc3EI&fl:*to£LTiMbffi» (ZnO) <D» 

bi*xa{&£m (s io 2 ) co»^, 

[0032] rrt, !MM»*J:tfiWk2g*HU s i 
tc*H~£Z n<D*z/i'tt&X. 2 48Lhl. 9 4PJlTi^ 

tSMnMMt^O. 04 75^10. 0 7£JIT£& 

[0 0 3 3] ^U, S i Z n O^/WifcriS 1 . 

2 4 * 'Pit < * S^T'gB^-r * tZnl^ttSi 

&&&&tbtc— «t^Zn 2 Si0 4 : Mn"C^$tt$ 
200 nmeiTOH:«»«V^ag*^*||<oBg«-jc: 
Sifc*t«Zn©^tt#l. 2 4£Lhl. 9 4 
[0 0 3 4] l£fc. ZnlC#^SMn<0^/H£#0. 0 

4 7 5 £*>'p&<*&bmmm&zt -trffatSMn 

It # 0 . O 7£9#<&££ % I$M4l?»8fti% 
ntC^t-rSMnCO^-^tt^O. 04 7 5J£JLbO. 0 7 JgJL 

[0035] ffi»ffc*tt:fe*tK&*fc*W£ tx 
[0 0 3 6] Jfcfcu S^$ixfc^»*Sr^x«>c«^ 

1 2 0 0TC-C3B»WJ«rtU "WZn 2 Si0 4 : 
[00 3 7] tU, +#fc?^$*LfcSHc. 



[0038] n^ti^mistiftn^^mm 
[0039] ^ic % e«siai$jxfcK^*^is«jes« 

9 MM*rC*>*y >I* (h 3 po 4 ) * 

mmc j: 9 % i^x^iKBeattxirr^d zn 2 s 

i0 4 :Mn©ttf»ffiK, 9Mk^troZn 3 
(P0 4 ) 2 . nH 2 0 (n : S«MK) . #|IZn 

3 (P0 4 ) 2 • 2H 2 0*5j;tfZn 3 (POJ 2 • 

4 H 2 O &&&& b L-C^ Lt*« * tltiikm bttZ 
bbhiZ x Zn 2 Si0 4 : Mn^fFli:Zn 3 (P 
0 4 ) 2 • nH 2 0 (n : , WcZn a (PO 
4 ) 2 ' 2H 2 0^t;Zn3 (P0 4 ) 2 -4H 2 0 

[0 0 4 0] PilTZn 2 S i0 4 :MnlC 

^ftTO. Ut*%«Jbl lM%4^T©*(^i:*aj: 
SfcOA^^Zn 2 Si0 4 : Mn ££jS£i*rS e 
^rUT, PaTZn 2 SiO 4 :Mnl:^LT0. 1 

£ UZn. 2 S i 0 4 : Mnl^Ltl l»fi%<fc!J# 
<^5^. W»M$n-5Zn 3 (P0 4 ) 2 - 
nH z O (n : ©RfclJ: !K X^«^K^0C« 

{Cj:6-r^-»55Zn 2 S i 0 4 : MnteSBt-f- 5ft)^ 

i5$>^ 0 Z<Dit£> x Pi:ttZn 2 Si0 4 :Mn|^ 
UT0. ltt%£Jl±l l»*%£XTco»»J^i:i-5 0 

[0041] fc*5 v y v^o^jc, v>-fixco 0 Mb^fe 

Sr^iV^t>J:VN 0 PSrZn 2 Si0 4 : Mn<7>*fc 

^II^$-frTWeZn 3 (POJ 2-nH 
2 0 (n : Zn 2 SiO 
4 :MnO»*iii:ittlZna (P0 4 ) 2 «nH 2 
O (n : Sftft) $:fe|#Ufc»9, X^«^«Ua^S% 
*0»^CZn 3 (P0 4 ) 2 * nH 2 0 (n : 

&Zlt%&b^XbX\,\ 
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[0 0 4 2] ^LT. »fe*tfc**»»*«ittf*»«- 

[0 0 4 3] ifclc. ±BB*!S(0««^ffiSrttWr* 0 
[0 0 4 4] £1*, ft£*rt«Uv«fc9S# 



^tbn5-^Zn 2 Si0 4 : MnX&ZtlZ 
*£#**§»fiffi»3M*fc*3ttS Zn^Si fcoe^Jt 

[0 0 4 5] i5C#£L-c\ +»lCftj»U-C«ftfc*ofc 
fifcftSEft (ZnO) ft^lOO. 9g, J£*{fc£^£b 
t»IS»(SiO 2 )»*6 0. 0 8g,*5«fct^K 
i-ry^y (MnCO 3 )»*10. OgSrgB^b-Oi 
3M&£«* 1 2 0 0tT3«^U o * 

r<Z>fB'&fc:i:tK S i tC*J~f-5Z nO*/Hfc (Zn 
/Si) ttl. 2 4, ZniC^£Mn<0^r/Wt (Mn 
/Zn) t±0. 0 7T?$>* 0 

[0 0 4 6] ^Lt, ifc^P&lCtf— /V$M£X®&&£ 

>Sii$-&T-^d5Z n 2 Si0 4 : MnXmZtlZM 



3*i-«fc5lC. D-10-C0. 5Um, D-50t2. 
03|ira, D— 90t5. 

d- i ocoitri, u-ifiaiSf^asLifejcjistts^oag 

file J: 9 . JW*^^^60^«^»fi365^«cfflSfff 

^ & m*<ftffim&m* io%t tezi$Lmxm.&& o . 5 

[0 0 4 7] RHRIC, Znl£^£MnO^/Wt (Mn 
/Zn) £0. 0 7t- ftfc LT^lK^fS i mtt-f 
SZnO^/Ut (Zn/S i) jtfAfcSIB^Jt^llCttSr 

vxx&mmmiemiktot* ( 1 - <» ~ 1 - 

(7)) «r#5 0 
[0 0 4 8] 
[^1] 



K » 


ZnO 


S iO, 


MnCO, ; 


l-(l) 


100.9g<1.24mol) 


60.08g(l.00aol) 


10.0g(0.087nol) 


t-(2> 


t09.1g(l.34nol) 


60.08g(1.00mol) 


10.8g(0.094nol) 


l-(3) 


117.2g(1.44aol) 


60.08g(1.00mol) 


11.6g(0.101mol) 


l-(4) 


125. 4g( 1.54*01) 


60.08g(1.0Omol) 


12.4g(0.108mol) 


1-(S) 


133.5g(1.64nol) 


60.08g(1.00mol> 


13.2g(0.U5niol) 


l-(6) 


141.6g(1.74mi) 


60.08g(1.00mol) 


14.0g(0.122mol) 


l-<7) 


149.8g(1.84mol) 


60.08g(1.00mol) 


14.8g(0.l29mol) 



«36*fc % 2 5 4 nmlCf-^Sf$:f««^J: 

Xm&*m7£L1to *33. 2 54nraJCb-^^SrW 
i-5*^»rt**7 X^fcHwcjHItU 1 4 6 n rale 



G&&& : L S - 1 1 0) Ki9i|«Lfc 

^ 2 tsx xtm 3 tt*mst*, tmi- . 

(5)£l 0 0 kV1tk%(DteM&XhZ> 0 
[0 0 4 9] 
[^2] 



ZnjSi0 4 :Kn 




Zn/Si 


Hn/Zn 


(ZnfMn)/Si 


©ie5feZ54iia 


B*a*146nn 


1-(1) 


1.24 


0.07 


1.33 


98 


91 


l-<2) 


1.34 


0.07 


1.43 


99 


91 


l-(3) 


1.44 


0.07 


1.54 


98 


91 


l-(4) 


1.54 


0.07 


1.65 


98 


91 j 


l-(5) 


1.64 


0.07 


1.75 


100 


100 


l-(6) 


1.74 


0.07 


1.86 


100 


100 








1.97 

ir— — §J 




(Zn.^l i) 



iW < ^ rcDZn/S 1*1. 



»1. 7 4-CftfcWStf 
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RI«©lttT»ttfc. Zn/Sii&Sl. 8 4^ 

<«TU±C«>fc. 1 4 6 nm 

Zn/Sitfl. 7 4T*M«aSi*V^G><0 % 
»fc«6t*Of4Zn/S 84W1. 74* 

1. 8 4*»fe««l*«***<fiTUttCie>fc. 



[0050] ^ic. wimz.isxmtezm&tt'cm&vit 

ZnlC^t5MnOT;Ht (Mn/Zn) SrO. 

(Zn/Si) **4$E-frJtTf«fl-Sra!i:K*LTS 
ffl*^MWBiBai»*#o»5fe at*} 1 - (li) - 1 - (i 
6)) £r#5 0 

[0 0 5 1] 
[153] 



^ *4 


ZnO 


S i 0, 


MnCOj 


HID 


117.2g(1.44iol) 


60.08g(1.00mol) 


8.3g(0.072aol) 


H12) 


125.4g(1.54»oL) 


60.08g(1.00mol) 


8.8g(0.077ool) 


HIS) 


133.5g(1.64BOl) 


60.08g(1.00mol) 


9.4g(0.082ool) 


H14) 


141.6g(1.74nol) 


60.08g(1.00aol) 


10.0g(0.087raol) 


1-(1S) 


149.8g(1.84oo]) 


60.08g(1.00*ol) 


10.6g(0.092mol) 


1-(16) 


157.8b(1.94m1) 


60*08g(1.00no]) 


li.lg(0.097mol) 



2 5 



4 nmfctr-^ttS«r«-r5*^M»i8j:Utl 4 6 nmfc 

JIM* LT««£i&|5ir L. 



[0 0 5 2] 
[^4] 





Zn 2 Si0 4 :Mn 


K 94 


Zn/Si 


Mn/Zn 


(Zn+Mn)/Si 






HID 


1.44 


0.05 


1.51 


99 


92 


H12) 


1.54 


0.05 


1.62 


! 99 


94 


1-(13) 


1.64 


0.05 


1.72 


100 


99 


H14) 


1.74 


0.05 


1.83 


100 


100 


H15) 


1.84 


0.05 


1.93 


100 


99 


H16) 


1.94 


0.05 


2.04 


96 


93 



-«>*4*5J:0«l4«C^i-«*^fe x Mn/Zn^O, 
0 5-Ct>. 2 54 nmlCtr-^«*« r flri-e*»|»^JH 
JtLfcifr&TH:. Zn/SiiU. 7 4-ett^« 
<> wOZn/Si^l. 7 4t»t$*WWt ) Zn 
/Si 2*1. 44H1. 8 4^-CO/£t^K-Cfa|^ 
*©WtT?»*Lfc. -t It, Zn/Si^l. 94^ 
feUSJW^ftTlliCftfc. -3\ 146nm|:f>- 
Zm&%ft&&fm^fZ®&-T?\^ Zn/ 

s i a* i . 74 ^&t>*s&as;a5v^<D6r>, mzmmzm 

>fe-f SOfiZ n/S i#l. 64^t>l. 8 4tT« 
^SSK-C&ofco #*5. 2 5 4 nmlce^^^^tt 
**^M»4rflMtUfc»^^H«k:, Zn/Si^i. 9 

[0 0 5 3] Ztbt>&2, m4 y Bl3*5j:t^H4lc:^f- 
tt*d*fe, 1 4 6 nmlClf-^«fiSr#-t-eX^*^H» 

&2 5 4 nmJCf-^^^^rt-^^H^tti-e^ 



±1. 9 4&T* J:9#*U<ttl. 6 4£Lhl. 74 

n/Zn * s °- 0 7 J: 0 0. OSl^L^m 

[0 054] (mWtm 2 ) fcjc. XSSKA«(C <fc Q if 19 
«*»6h5-«aiZn 8 SI 0 4 :Mn^$n5 

[oo5 5] jrck& Lrwt, mm* i tmmz s +&\z 

«Lt|Iti/iofcWCffi« (ZnO) ftffcg 
^ (SiO z ) »*teJ:U5«ift^>^fv (MnC0 3 ) 

»**jbv\ ft 5 o \z s mmm 1 K*t *r 1 4 



1 1 t l5l*|J:Jte*^j||Bfiffl**«cO®5|£ (K» [00 5 6] 

2-(l)-2-(3» £^£ 0 1^5] 





Z nO 


S i0 2 


MnCO, 


Mn/Zn 


2-(l) 


133.5g(1.64nol) 


60.08g(1.0mol) 


9.4g(0.082nol) 


0.0500 


2-(2) 


133.5g(1.64mol> 


60.08g(1.0mol) 


11.3g(0.098mol) 


0.0600 


2-(3) 


133.5g(2.64nol) 


60.08g(1.0nol) 


13.2g(0.115mol) 


0.0700 



[0 0 5 7] 
1^6 1 



Zn z SiO fl :Ho 




Zn/Si 


ito/Zn 


<Zn+Kn)/Si 


ffle*254nn 




2-(l) 


1.64 


0.0500 


1.722 


94 


100 


2-(2) 


1.64 


0.0600 


1.738 


96 


98 


2-(3) 


1.64 


0.0700 


1.755 


100 


94 



^«*«r*i-6*^i»S:IIM*Ufc»&-Ctt. Mn/Zn 
#**<&*|CttoT)M^X<&ofetf» 146nm 

Mn/Zn^t < ft£tCftoT#«aSteTUfco 
[00 58] -t tt, MMI 1 fc**V^C 146nmttr 



5 Dtf>gE^-?&<5 Z n/S i £ 1 . 7 4ICK 
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[0 0 5 9] 
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2-(ll) 



2-(12) 



2-(13) 
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141.6g(1.74nol) 



141.6g(1.74mol) 



141. 6g( 1.74ibo1) 



SiO, 



60.08g(1.0nol) 



60.08g(1.0nol) 



60.08gd.0nol) 



60 >°g 



(l.Omo 



MnCO, 
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0.0475 


1.823 


93 
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[oo63]f*^ tt^ mm i -c&hitM&tm 
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[0 0 6 4] Sfc. aXHMOeaftti, 
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r - « 
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2-(ll) 
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1.74 



1-74 



1.74 



1.74 
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0.0475 



0.0500 



0.0600 



n / Z n < 5 T AftBHHtfffi < o fc 0 

J: 5 K: % Mn/Zni^<«J; 
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1.827 



1.844 
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EU-0. 0 m¥; #i»L<u! o. 0 5^10. 0 7£l 
[0 0 6 7] (MMI4) 9MbMCJ:9m 

[0 0 6 8] ttWbVX^ S»«3T?8«UZn/ 
S 74, Mn/Zn^O. 0 4 75, D-50 

2 . 2 |i mO|»*^iBjGaift^»« ( K» 2 

froft* 1 0 0 g 1 0 0 0 m 1 fcSALT«# 

LT4MRU y>SKH 3 P0 4 ) tK»K (iiJtCrt:^ 
AAttH H 3 P0 4 ^85%, *fc£l. 7) Srjfce 

9»4-(i)-4-W) £#£ e 

[0 0 6 9] 
[*1 O] 



£ : Rigaku Geigerf lex, X»U ;CuKa, 20kV 
-4 0mA, fe&mt 2* /ft) «rfflV^T»*X»0 





HjP0«*j8* Oil] 


W0< C*J 




4-<l) 


0.26 


0.376 


0.119 


4-(2) 


1.3 


[ 1.88 


j 0.595 


4-<3) 


2.6 


3.76 


f 1.19 


4-(4) 


5.2 


7.52 


2.38 


4-(5) 


7.8 


11.28 


3.57 


4-(6) 


13.0 


18.80 


5.95 


4-(7) 


18.2 


26.32 


8.33 


4-(8) 


23.4 


33.84 


10.70 



&®mmm%.ft<D®m mst> (a) ) % v^mmat 
vx&t*mmiaaaxfc*>iMk (as* <b) ) % # 
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^ftmm (0 8 ( c ) ) icov^xaifiufc. 

[00 7 0] Z<Om8 \C7rrfX&\5tff<Dmm, v 
m^tc&m (b) l£f*. fcy®fifj<£>f&;fc (a) -C&SZn 
2 S i 0 4 : MnOtT— ^CDifelC. DM^t*fc5Z 
n 3 (P0 4 ) 2 • 4H 2 0«$tlt £<bK, ffi 

v^tlcj:9aiiau/^ofc»* (c) Zn 

a (POJ 2 -4H 2 0^mn 3 (POJ 2- 

**5J:tW6tt Lfctt*. Zn 2 Si0 4 :Mn©ja^ 
McO— $Pl^Zn 3 (P0 4 ) 2 MH 2 0*3ilfZn 3 



4H 2 O*5^0 5 Zn 3 (P0 4 ) 



2H a O©3Kft*5 



(po 4 ) 



2 H 2 Otf»W»fcSftTV*5 fc t> 
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[0 0 7 2] r^^co- ird^. y VMHICJ:** Z 
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[00 7 31 -t tt, ifota-r* y >ifejc»«<Dfifls*fc 
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91.9 
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90.8 


89.7 


4-(3) 


1.19 
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96.4 


96.0 


94.7 


93.9 


93.2 


93.0 


4-(4) 


2.38 
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98.1 


97.7 


96.8 


96.1 


95.6 


95.2 


4-<5) 


3.57 


99.9 


99.5 


99.3 


98.9 


98.0 


97.6 


97.2 


4-(6) 


5.95 


100.1 


99.6 


99.2 


99.1 


98.3 


98.0 


97.5 


4-<7) 


8.33 


99.8 


99.5 


99.3 


99.1 


98.4 


98.0 


97.6 


4-(8) 
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99.6 


99.6 


99.3 


99.0 
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97.9 
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r.©* 1 1 &£.xm 9 i-^i-»*^e>. y >miukr* 

Mn) *S#<ft«lcaoT»« 
*C^b^^iofcP/Zn 2 Si0 4 :Mn^0. 1® 

sio 4 : Mn&&m.ts*i,xK&mft»mmmmy£ft<D 

*«^»«jF*t*Cfc3»Jp^S. ^LT, P/Zn 2 S 
i0 4 :Mn3556 K*%EA±*>*t» 4 - (6) , (7) , (8) 



ib^^iofc*Sffl"Cfc5P/Zn 2 S i0 4 :Mn;&S 
0 . 1 WS%^_b 1 1 KS%£AT. L< ItnttMW 
WlOO 0«pH5S«»««-et> 9 0%K±*lfc«T# 
5 1.2 ft%^± 1 1 J: 9 #* t < tttf 

* h £> l . 2 «m%SX ± 6 ®S;%£*T <h ftsfy-^ 

[00751 **u y^»*»K«r«*s*rzn a s 

i0 4 : MnOt^ilC y >lMfrg*«r£fifc LT&S 

-r&mc* *f,^cftBaiuzn 3 (po 4 ) 2 • 4 

H 2 0*5J:tfZ n 3 (P0 4 ) 2 «2H 2 0(D&^ 
Zn 2 Si0 4 :Mn0&«IC&#UTt>N*Ott*di 

[0 0 7 61 Jb^Ufc<t7tC x Zn 2 Si0 4 :MnO 



Z n |C*H"5M n (D^jUVtZ Q . 0 4 75£*_k0. 0 7 
* 5 tz.V> \z.m i& * *5 ifctRtt&ficoSi ^H^at^Mft 

•—«—•-— ~ ~ o «. w \ v rJIwy //\ x / U"-^J 

[0 0 7 7] Se»t^ S 1 Znt>«A4t*l. 
2 4HJil. 9 #*L<*±1. 6 4JSLL1. 7 

4«T*-*-*£fcfcJ:eK Sg*sjtt^M^X£#*i» 

[0 0 7 8] Zn 2 Si0 4 :MnO&^[c 

^^Zn 3 (P0 4 ) 2 -4H 2 0*5mn 3 
<PO*) 2 • 2H 2 0£r&£fl^-f-'5*:«>. Jttfcftfcc 

[0 0 7 9] fc*5 s ±BX«©»ll8lC:fe^X\ S i \CM 
tSZnCO^/Ht^l. 2 4 gJLJi 1 . 9 4 £TFl£|Ek;h, 

[0 0 8 1] £*>lC N Zn 2 Si0 4 :MnOti^® 
^*WltZn 2 Si0 4 : Mn <D%LT8\\£ <3 A/ 
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[0 0 8 4] 

±o. 0 7^T^t5fcJ?>, 

[0 0 8 5] R^2£«t<DX£tt*JfUajS9tt3fem£ 
<fc*Xf£ x Zn^^-SMncO^e/Ht^O. 04 7 5RJb 

o. 0 7«T©«***3J:5lc % S»fls«tt. S£*fb 



[00 8 6] M^3moXS«^||nBa«tXf|:ic 

ttO&jfU^xu S i CMtS Z n <D*/lstt& 1.24 
SLhl. 9 4£lTmfc^ ttJttfJt«tiMEv*X&tt 

[0 0 8 7] ft^4e*0XStt*fflMBtt3WK 

i»^i*fcri2ie««)jt^*^i8iaes!»3t 
ff^a^fcin^. s i \z#i-z> z n o^e^jt** 1 . 24 

«±1. 9 4^T^W^-Cffi»ft:^43j:0«*^^ 
«rE*+«fcae>. tt»tJUttMSv«a«MjKT1> % Jt 

[oo8 8] iM5cto)aa^ntt{|Ei: 
mm\z?) Asit&mmmzi&z^ ft«M»w*s«v*x 

[0 0 8 9] ^eCioXsa^ioHy^ic 
.fctitf. If 1 ^ct> b 5 t^-ftta*— &M<DMQ$gK1& 

[00 90] 7 EtOl^MMfilf)fe^C 

<fc*xtf. »*^l^v^L6VN-fnd^-ie*<0XS*^i» 

[009 1] W^8fiR<DXffi*^lftHSSCX^ 

-tfttf . M«« e *fci± 7 ettoxgxftanB&ttx 

«eoS**|j:iD^., Zn 3 (P0 4 ) 2 -nH a O (n: 
S»W *^#*+*&Mb£**«vs5fcfc. Zn 
2Si0 4 : Mn©»*Wt*fiTt5 ^ i:4< 

[oo92] n*m 9 e^x&«^Minfia*«flc^ 
<tn«, ■Afl5ftv^b8v^-fM^-iettox&*^ii 

JftfiS»*#G>8b*fcJ||;U PtLTZn 2 Si0 4 : 
Mnfc^UTO. l»S%£jUhl 1 MttaT©ftl4fc 
-TZtc^ m&ZI&T-t-Z Zbt£< MM\£s_Z&fe bfe 

[®i] *»Wo-^te<o^jBJc:*5itSX^*^»®^ 
[02] ^JJS^*^«®iB®»3fc*co»*0«Ut^ 
[03] f^±Zn 2 S i0 4 :Mn^ZnfeWs i (O 
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[0 4] I^JbZ n 2 Si0 4 :MnOZ nioJ:T/S i <D 

[0 5 J HlZn 2 S i 0 4 : Mn <OM n *5«fctfZ n £> 

[0 6] liZn 2 S i0 4 : Mn OMn*5 XXfZ n <D 

[0 7 1 (^_tZn 2 S i0 4 : MnWMn^ZnO 



[0 8] m±n&&nmm&MijkKft<D®mxB\3\$T<D 

( a ) y V^StftO Zn 2 Si0 4 :Mnft* 

(b) yy®M^Zn 2 Si0 4 :Mn^ 

(c) y ^m^mm^m^m^^^tz^ 

[0 9 1 |^±Zn 2 S i0 4 : Mn{zM^i> P<0#}&b 

mmmrn t <Dwmz^-r?yy -c*> s Q 
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tti/Zn=0.05 
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10 
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